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SaseAyioLUMM oxAe/ioM 



BHCKEPHfclfl MHKP030H;1 JlJUl MATHHTHBIX H3MEPEHHH 
H cnocoB Ero HSFOTOBJIEHIM 

E,HSueapzu3de^ A^.Eyxapaee, /f.B. Oshuhhukos^ A,H. Cmenanoea u M^ESueapzuaoe 

OBJIACTL TEXHHKH 
HacTOHmee H3o6peTeHHe othochtch k MaTepHanoBe^eHHio, b oco6eHHOCTH 

3JieKTpOHHOMy, B HaCTHOCTH K MHKp03JieKTpOHHKe, K npeUHSHOHHOMy HHCTpyMeHXapHIO jOUM 

HayHHbDc H npoH3BOACTBeHHO-TexHOJiorHHecKHx HCCJie^ioBaHHfi, K OTaraocTHKe MaraHTHBix 
MaxepHanoB h npH6opoB, h coctoht b KOHCTpyHpoBaHHH h co3;iaHHH octphhhmx sohaob am 

06HapyKeHHII H H3MepeHHK MarHHTHblX CHJI, BOSHHKaiOmHX npH B3aHM0;ieiiCTBHH 

MarHHTHBix xeji c pa3MepaMH h Ha paccToaniMx, npH6jiH^aK>mHxc« k axoMHtiM, 

nPEOTUECTBYIOmHa YPOBEHb TEXHHKH 
HsBecxHbi cnoco6Ki H3MepeHiw MarnHXHbix cbohcxb h chji nocpeacxBOM soimoBbix 

npH6opOB xaKHX KaK CKaHHpyiOmHH 30imOBHH MHKpOCKOn. Ba^KHefijUHM KOMHOHeHXOM 

xaKoro npH6opa, onpeAejiiOomHM ero paspemaiomyio cnoco6Hocxb h HyBCXBHxejibHOcxB, 

HBJWeXCH MHKp030H;i, HSrOXOBJieHHHfi, HO KpaHHCH MCpC, HaCXHHHO, H3 MaTHHXHOrO 

Maxepnajia. 

06ErtfflO ocHOBy - KaHXHJiesep c ocxpneM - otk MarHHXHoro MHKpo30HAa 
HsroxoBJDHox h3 He-MarHHXHoro Maxepnajia, a Ha ocxpHe Hanocax MarHHXHMH MaxepHan [1]. 

Ooth H3 BapHaHXOB HaHeceHiM HacxHixbi MarHHXHoro Maxepnana cocxohx b 
jioKajiBHOM ocaweHHH xoHKoS MainHXHOfi (nanpHMcp, Ko6ajibxoBoft, HHKejieBofi, hjih 
^ejiesHofi) nJicHKH HcnapeHHCM Ha BepiUHHy ocxpH^, HarpesaeMofi cc^oKycHpoBaHHWM 
nyHKOM 3JieKxpOHOB [2,3]. 

OAHaKO, xaKaa luienKa cxpajtaex xcm He^iocxaxKOM, hxo 3xox MaiwrHBDS Maxepnaji 
COCXOHX H3 MHo>KecxBa scpcH, u^yKjsy xcM KaK HaHJiyHniHH pesyjibxax o6ecneHHBaexcfl 

MOHOZlOMeHHOfi HaCXHUCH, HOCKOJIbKy OHa HMeeX MaKCHMajIbHblfi MarHHXHblg MOMCHX. 

B npefljiaracMOM H3o6pexeHHH yKasaHHHfl He^ocxaxoK ycxpaH)iexca. 



CVmHOCTb H30BPETEHHiI 
npeanaraerca MHKpoaoim msi MarHHTHBix HSMepeHHH, b KOTopoM He-MarHHTHM 

OCHOBa 06pa30BaHa KpeMHHCBblM OCTpHCM, BbipameHHBIM 3nHTaKCHaJII>H0 Ha KpCMHHeBOM 

KaHTHJieBepe c KpHCTanjiorpa4)HHecKofi opHeirraiiHeg (111), ocxpHe HMcex CTyneHHaxyio 
4)opMy c HH^efi HacTbK) (ocHOsaHHeM) SojEbmero jpiaMerpa h BepxHefi nacTBio MeHBmero 
OTaMCTpa, KoaKCHanbHOH h 3nHTaKCHajiBHoii no OTHomeHmo k hh^ch nacxH, BepxHJM 
HacTb HMcex nnocKyio BepmHHy, Ha Koxopoii pacnoJioHcena MOHOAOMeHHan MarHHTHaH 
HacTH^a xpeyrontHOH 4>opMBi c yrjioM npn ee BepmHHe ox 20^ jio 90*^, npHHCM ocHosaHHe 
HacTHiiH KOHTaKTHpyer c unocKofl BepinHHOH (xopnoM) KpeMKHCBOrO OCipHJJ. 

^aMCTp HH^CH HacTH KpeMHHCBoro ocxpHfl npcBocxoOTT OTaMerp ero sepXHeg 
HacTH He MCHee hcm na nopsijioK bcjihhhhw, npHHCM OTaMerp HHHcneH nacxH cocraBJiKer ox 

5 AO 10 MHKpOMexpOB. 

BepxHM nacxb KpeMHHeBoro ocxpHH HMeex imJiHH^pHHecKyio, npH3MaxHTOCKyio, 
HJiH KOHHHecKyK) 4>opMy c zmaMexpoM MCHee 100 HanoMexpoB h bwcoxoh MCHee 2 

MHKpOMeXpOB. 

ripezyiaraexcH cnoco6 HsroxoBJieHHK MHKpo30Hjxa ajm MarHHXHBix H3MepeHHH, 

KOXOpWH COCXOHX B XOM, HXO OCa^eHHCM H3 raSOBOH 4>a3BI no MexaHH3My nap-MCHOTOCXB- 

KpHcxajui BbipamHBaiox HHxeBHOTMH KpHCxajui KpeMHH^ cxyneHHaxofl (JopMbi. Oco6eHHOCxi> 
3xoro cnoco6a cocxohx b o6pa30BaHHH na BepmHHe HHxeBazmoro KpHcxajuia 
no;iyc4»epHHecKOH rjio6yjn>i cnJiaBa kpcmhhh c MexajuiOM-pacxBopHxeneM. Flo sasepmenHH 
npouecca ocaHC^ieHHH HHxeBHjpioro Kpncxajuia yflajunox c ero BepunmLi 
3aKpHcxajuiH30BaBmyiocji rjio6yjiy, npHHeM oGpasyexcH njiocKan Bepmnna (xopea) BepxHen 
HacxH ocxpHJi. 3axeM na xopeu HantuMiox b BanyyMe b^^ojib och ocxpHH nacxHity MarHHXHoro 
Maxepnajia, saocxpjuox nacxnuy 6oM6ap;mpoBKOH HanpasjieHHBiM nyHKOM ycKopeHHtix 
hohob h noOTcpraiox ee MOHOAOMeHHsaiiHH. 

MoHOAOMeHH3aixHio npoBo;iax Bbmep^oiBaHHeM MainHXHofi nacxHmj b nocxo«HHOM 
MarHHXHOM nojie onpe^tejienHoro HanpaBJieHHH, npHHCM MOHOAOMeHH3aaHji mojkcx 5hxi> 
npoBe^iena npn noBbnneHHofi xeMnepaxype MaxKHXHofi nacxHUM. HarpeB MarHHXHOH 
HacxHUBi MO»cex 6brrb ocymecxsjien nponycKaaHCM aBxo3MHccHOHHoro xoKa nepes 
KpeMHHesoe ocxpae. 



KPATKOE OriHCAHHE OHTYP 
cI>Hr. 1 . HcxoAHoe KpeMHHCBoe ocxpHe, cjijoKamee ochoboh ajm MarHHXHoro 

MHKpOSOHOT- 

(I)Hr. 2. KpeMHHeaoe ocxpne, noKptrroe MarHHXHOH HacxHuefl. 
Ohf. 3. KpeMHHeBoe ocTpne, noKptrroe aaocxpeHHOH methhthoh HacTHi^efi, 
Ohf. 4. KpeMHHeBoe ocTpne c MarHHXHOH HacTHiiefi, noOTeprHyrog 
MOHOAOMeHHsaqHH B npHcyrcTBHH MarHHTHoro noJM. 

JiyHUIHH BAPHAHT PEAJIH3ALPH H30BPETEHHJI 

Ha <t>Hr. 1 noKasano hcxootoc KpeMHHCBoe ocTpne, cjiyacamee ochoboh jvui 
MarHHTHoro MHKpoaoaaa. JXim ero co3AaHHJi na KpeMHHeBOM KsiHTHneBepe c 
KpHCTajuiorpa4)HHecKOH opneHTauHeH (111) BbipamHBaiOT, b ;iByxcTaaHHHOM npoiiecce, 

HHTeSHJtHblH KpHCTarUI, HMeiOmHH HHHCHIOIO HaCTb (OCHOBaHHC) CO CpaBHHTCJIBHO GOJEbinHM 

(5-10 mkm) OTaMexpoM h anHxaKCHaJibHyio no oxHomeHmo k HeMy BepxHioio nacxb co 
3HaHHxejibH0 MCHbinHM (ao 10 HaHOMexpoB) OTaMexpOM. BbipamHBaHHe npoBOAHx H3 
rasoBOfl ^33hi no MexannsMy nap-3KH;iK0cxi>-KpHCxajui. 

IIpuMep 1. 

Ha KpeMHHesbiH KanxH^eBep opHCHxauHH (111) naHOCHx nacxHiiy sojioxa ^^aMexpoM 
5 MKM, xojimHHofi 0,1 MKM H noMcmaiox ero b KBapucBBiH peaKxop, nepes KoxopMH 
nponycKaiox noxoK oHHuieHHoro BOflopo;ia. KaHXHJicBep narpeBajox jio xcMnepaxypw 900- 
950*^C, nocjie nero k Bo;xopofly ;^o5aBJiHK)x napti Hexbipexxjiopncxoro KpcMHHJi j3s> 
KOHiieHxpaiXHH 2-3 ax. %. B npouecce stipamHBaHHH na nocjieAHeg cxajpiH cHH^aiox 
xcMnepaxypy KaHXHJieaepa. 3a 5-10 mhh stipacxaex cxyneHMaxbiH HKxeBHjpiBiit Kpncxajin 
KpeMHHii Ha ynacxKC KanxajieBepa, noKptrroM HacxHuen 30Jioxa. Ha ero BepmnHe ocxaexcK 
3aKpHCxajuiH30BaBmaacji «rjio6yjia» (nojTyc(^epa), oGpasoBaHHaa CMecBio KpncxajuraxoB 
KpeMHHH H 30Jioxa. C noMoim>K> KHjiKHx pacxBopHxejiefi yKaaaHHbix sjieMCHXOB «rjio6yjiy» 
y^ajiHKDX, B pesyjibxaxe nero oGpasyexc^i KpeMHHesoe ocxpne c hjiockoh BepnraHofi, 
noKasaHHoe na Onr. 1. 
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Ha luiocKyio BepmHHy HsroTOBJieHHoro tekhm nyreM KpeMHHCBoro ocrpM 
HanMJieHHeM b bhcokom BOKyyMe HanooiT MaraHTHyio Hacnmy (jKCJieaa, KoCajEbxa, hhh 

HHKeJM) UHJIHHJipHHeCKOH 4>0PMM (OhF. 2). EcJIH 3X0 HaCTHUa HMeer BHCOTy 50 HM 

(HaHOMcrpoB) H i^HaMexp 100 hm, to BejmHHHa rpaOTCHxa chjim MHTHHTHoro 
B3aHMo;ieHCTBHH Ha paccToaHHH OT HacTHUbi 50 HM 6yAeT 1,5x10'* H/m, a paapemaiomafl 
cnoco5HOCTt cocxaBjiHer 85 hm (b ^aHHOM cjiynae iuia oHJiHHflpa yjienbuasi 
HaMaTHHHeHHOCTb Gfcina BM6paHa KaK y Hcejiesa, a noHHHH MarHHTHBiH momcht 6hji 
HanpasjieH b^ojib och 30Hjia). 

LlHjnnmpHHecKyio Hacrauy mo»cho npeBpaxHTb b KOHH^ecKyio nocpe;icTBOM hohhoh 
5oM6apAHpoBKH ycKopeHHMM nyHKOM HOHOB aproHa hjih aaora, HanpaBJieHHLiM Bjionh och 
30H;^a. 

IIpuMep 2. 

Ha BepmHHy KpcMHHeBoro ocxpHH, noKpuroro MarHHXHofi HacxHijefi, Bjiojib ero och, 
HanpaBMioT hotok hohob aprona hjih asoxa, ycKopcHHBix jio aHepnifi b HHxepBane 5-10 
K3B. B peayjiBxaxe hohhoh 6oM6apz(HpoBKH oSpasyerca MarHHXHaK nacxHua c yrnoM npH 
BepuiHHe ox 20° ^o 90°, noKasaHHan Ha Onr. 3. 

JiflSL cjiynaa nacxHUBi KOHHHecKoft 4)opMw (^jnaMexp ocHOBaHHH Konyca 100 hm, 
BBicoxa 50 hm, yroji npn BepmHHe 90°) rpajmenx chjibi MarHHXHoro BsaHMO^ieHCXsHH 
cocxaBJMex 7,4x10"^H/m, paspemaiomaH chocoGhocxb 55 hm. 

JlflSL KOHHHeCKOft HaCXHOH C XCM ^6 AHaMCXpOM OCHOBaHHH 100 HM, C yXJIOM npH 

BepmHHe 20° (Bbicoxa b 3xom cjiynae cocxaBHX 285 hm - Hcxo^as muiHH^ipHHecKaH nacxHua 
ilojiKHa HMexb cooxBexcxByiou^yio BMCoxy) rpaoHCHx chjibi MarHHXHoro BsaHMO^iencxBHA 
cocxaBJiHex 1,2x10-'H/m, a pa3pemaiomaa cnoco6HocxB 65 hm. 

JlflSL KOHHHecKOH HacxHUH c OTaMexpoM ocHOBaHHH 18 HM, yxjioM npH BepmHHe 20°, 
BBicoxoii 50 HM rpaoHeHX chjih cocxaBJinex 2,4x1 0*^H/m, paspemaion^aji cnocoGnocxb 40 hm. 

PacnexM noKaaarra, hxo njisi luieHKH MarHHXHoro Maxepnaria, oca/i:HBmerocii Ha 
hh^k>k> nacxB (ocHOBaHHe) MHKpoaoH^a, rpajxHenx chjim MarnnxHoro BsaHMozteficxBHs He 
npeBBnnaex 10"^ H/m, x.e. KaK MHHHMyM na 3 nopazoca BejmHHHLi Mensme, hcm ox 
BepmHHHOH MarHHXHOH HacxHi^H, xaK Hxo BKJia^ ox Hee npeHe6pe>KHxejiBHO Man. 



ripHroTOBJieHHaa HanBuieHHCM, a aaxeM hohhmm saocrpeHHeM MaiUHTHaa nacTima 
o6BniHo odJiBMSLerr noJiHKpHcranjiHHecKHM crpocHHeM, npHHCM Ka^oe 3epHO HMeex 
npoH3BOjibHoe HanpaBJicHHe MarHHTHoro MOMenra. OOTaxo, MOHOflOMCHHoe ocrpne 6yfleT 
HanSonee 3<|)4)eKTHBHbiM mhkposoh^iom, nocKOJibKy nocKOJitKy HMenno oho o6na;iaeT 

MaKCHMaJIbHBIM MaTHHTHblM MOMeHTOM. 

CooTBexcTBeHHo, cjie;iyK>maK onepai5Hfl - MOHOAOMeHHsaiiHa. 3Toro AocraraiOT 
Btmep^BaHHeM MaraHTHoft HacTHUti b nocTO)iHHOM MarHHTHOM none onpeACJieHHoro 
HanpaBJieHHJi. ;io TeMnepaiypw HH^e tohkh luiaBJieHiw MarHHTHoro MaxepnaJia h 
nocjieflyiomero ocTBiBaHM MHKpo30Hma b npHcyrcTSHH MarHHTHoro nojw. FIpH 3tom 
BCJiHHHHy nojiK Bw6HpaK)T 6ojii>me, mcm KoapuHTHBHaa CHJia MarHHXHoro MaTepaajia 
nacTHUBi. B pesyjiBxaxe cosOTerca MarHHXHBiH MHKposoaa, H3o6pa3KeHHbiH na Oht. 4. 
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OOPMYJIA H30BPETEHI15I 



1. MHKp030H^t AJW MarHHTHBDC H3MepeHHH, CO^epKamHS He-MarHHTHyK) OCHOBy c 

ocTpHeM H MarHHTHyK) nacTHity Ha BepumHe ocxpiiH, OTJiHiaiomHikcH tcm, hc- 
MaTHHTHaa ocHOBa o6pa30BaHa KpeMHHCBbiM ocrpHCM, HsroTOBJieHHbiM H3 BBipameHHoro Ha 
KpeMHHeBOM KaHTHJieBepe c KpHCTajuiorpa4>HHecKofi opHeHxaiiHeH (111) HHxeBHOToro 
KpHcraiuia, ocTpne HMcer cryneHHaxyio $opMy c HHHCHeii nacTbio (ocHOBaHHeM) 6ojiBmero 
OTaMcrpa h sepxHefi nacTBio Menbinero jmaMerpa, KoaKCHajiBHofi h anHjaKCHajibHOH no 
OTHoiiieHHio K HHHCHefi HacTH, BepxHJiH HacTb ocxpiDJ HMcex unocKyio BepmHHy, Ha 
KOTopoii pacnojio:KeHa MOHO^oMeHHaH MarHHTHan nacraiia xpeyrojibHOH $opMH c yrjiOM 
npH ee aepinHHe ot 20° mo 90^ npHHCM ocHosaHHe HacTHm>i KOHTaKTHpyer c iuiockoh 
BepmHHOH (xopixoM) KpeMHHeBoro ocxpHH. 

2. MHKposoHjti no n. 1, OTJiH^aioiiiHiicfl xeM, hto OTaMexp HHacHefi nacxH 
KpeMHHCBoro ocTpH^ npcBocxoOTT OTaMerp ero BepxHeii Hacra ne Menee hcm na nopaaoK 

BeJIHHHHH. 

3. MHKpo30H;i no nn. 1 h 2, oTJinnaioinMiicfl tcm, hto OTaMerp HH^eii ^acTH 
cocxaBraer ox 5 w 10 MHKpoMexpoB. 

4. MHKposoHa no nn. 1-3, oTJimsnoniuHcn xeM, hxo BepxHjw nacxt ocxpHU hmccx 
UHJiHimpHHecKyiG, npH3MaxHHecKyio, HJm KOHHHecKyio $opMy c AnaMexpoM Menee 100 
HanoMexpoB h Bticoxoii Menee 2 MHKpoMexpOB. 

5. Cnoco6 HsroxoBJieHH^ MHKposon^ia jjjui MarnHXHbix nsMepenHH, BKjnoHaronxHH 
co3AaHHe He-MarnnxHOH ochobbi c ocxpneM n MarnnxHog Hacxnixti na Bepmnne ocxpHH, 
oTJiHHaiomH&cfl xeM, HXO BBipamHBaiox KpeMHHeBoe ocxpne cxynenHaxoii $opMbi 
oca>KfleHHeM h3 raaoBon ^asM no MexaHH3My nap-HCHAKOCXB-Kpncxajui, yflajnnox c sepinHKBi 
ocxpHK 3aKpHCxajuiH30BaBinyiocH rjio6yjiy cnjiasa KpeMHHJi c MexajuioM-pacxBopHxejieM, 
npHHeM oSpasyexcH njiocKaa Bepmnna (xopeu) pepxHen nacxn ocxpnji, nanBuwiox Ha xopeu 
B BaKyyMe B;i0Jib och ocxpna nacxnixy MarnnxHoro Maxepnana, saocxpaiox HacxHny 
6oM6apOTpoBKOH HanpaBJieHHBiM ny^KOM ycKopeHHMx hohob h no^Bepraiox ee 

MOHO/lOMeHHSaUHH. 

6. Cnoco6 no n. 5, oxJiHHaiomHHcsi xeM, hto MOHO^tOMeHHsaqnio npoBO^ax 
BsmepacHBaHHeM MarnnxHOH nacxHULi b nocxoKHHOM MaranxHOM nojie onpejiejieHHoro 
HanpaBJieHHA. 

7. Cnoco6 no nn. 5 h 6, oTjiHHaiomHHCfl xcm, hxo MonoflOMenHsauHio npoBOjxJix 
npH noBbmieHHOH xeMnepaiype MarKHXHoS Hacxnati, 
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8. Cnoco6 no n. 7, OTJiHHaiomHacfl tcm, hto HarpeB MarHHTHofi nacTHUBi 
o6ecneHHBaK)T nponycKaHHCM nepes KpeMHHeBoe ocrpne aBT03MHCcHOHHoro TOKa. 



BepXHflfl ^aCTB 
OCTpHH 




(OCHOBaHHe) 
■ OCTpilfl 



.MarHHTHaflT ^acTHija 



BepXHHH ^aOTL 
OCTpHH 



" (oCHOBaHHe) 
OCTPHH 



saocTpeHHaH 
MarHELTHaH ^acTima 



BepxHHH ,-qac^B 

OCTpHH 



(ocHOBaHHe; 

OCTpHfl 
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PEOEPAT 



npe/tnaraerca MarHHTHHH MHKpo30im jum cKOHHpyiomHX 30h;iobbix npHSopos, 
cocTOKmHH H3 He-MaTHHTHoro MaxcpHajia KpeMHHK B Bum ;iByxcTyneHHaToro ocrpnK c 
njiocKOH BepinHHOH, Ha KOTopofi pacnonaraioT MOHOAOMeHH3HpoBaHHyK) MarHHTHyio 
HacTHi^y cy6MHKpoHHi>ix pasMepoB. ITpeAJiaraeTCK cnoco6 cozjidwm TaKoro MHKposoima, 
KOTopMfi cocTOHT B BaKyyMHOM HanBuieHHH MarHHTHoro MaxepHajia, ero o6pa6oTKH 
nocpeziCTBOM HOHHofi 6oM6apOTpoBKH H nocjie;^yiomefl MOHO^toMCHHsaizHH 
BbiAepacHBaHHeM b nocxoHHHOM MarHHTHOM nojie. 



